


2.2 : I I 1 I
I

i [ I I
I

I I I I I I I I I I [ I

2.0 ‘--

~

~ 1.8 —

w
>

~ 1.6 “
-1
w
g

~ 1.4 ‘ -

0J.

1.2 “ MEASUF3EDSPECTFIAL  ENERGY
DISTF{IE3UTION  OF AN ELLIF’TICAL GALAXY
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l:igllrr  1. ‘1’lIc rest fra]nc  v is ib le- l lear  11{ elIcrgy  distriblltioil of an
el l ipt ical  galasy, .sllowi]]~  tllr 1 1-  clllissiot]  fCiltlll  I’C at, 1  .6//111 :Illd tll C!
CO lXlrldll(!il(l at 2 . 3 / / 1 1 1 . l)ata ]Jrovidd  by hl.llicke (j)rivatc  cxJlIIInu-
]Iicatiolt).

i n  tile early lJllivcrsc. o b s e r v a t i o n s  Of 11(’arl~~ g:ll:lXiC’S  lX’tW’WIl  1 Wld 2.5/1111
(1’igure 1 )  r e v e a l  S(’V(’rill  S] WCtr:ll  f(’atllll% - tllc 2.3//111 (~0  I)illl(lll(’ild  :111(1  tllC

1 .6/1111  cmissiol) peak duc to tile minimuln ill 11-- opacity -  wllicl)  arc present
because  m o s t  of tllc ]Ical’ 11{ l’ildi:ltiOll  fl’OIH a ~illaX~ a  uiscs fl’olll  COOl  stars
which have those fcatum in their  spcc.tra. ‘1’hcso fmtu m arc t]lus datively
immune  .to changes in star for]l]ation lilt{’  aud dust  contel  It, alId arc! cx]mckd  to
appear shortly after  a galaxy’ forlns and to ]wrsist t,llrollgllol]t  its lifetill]c (SCC
e.g. l+anccschini  c1 0/. 1991) .

As an c]lcrgy  d i s t r i bu t ion  SIICII  as tl]at  slIown  ill l~igllrc  1 is rdsliiftcd
to longer wavdrIIgtlIs, tllc IIICaSIIId colors of a ga]axy  vary ill a  predictable
fashion as tll(!  spectral f(!iltlll’[% lnOVC tll IY)Ugll t,ll(’  Il]easu  rclnellt  ])iWSl)alldS  (Sew
e.g. Figure 3 of l’;isc]lllardt  alId Imhofsky  1987). ‘1’his variation allows tl]c use
of the obsmd 11{ colors to dctcr]nine  a photolllct,ric rdshift.  ‘1’his CaII IN done
more rdiably using rest frame lIwIr 11{ starlight tllali from olmrvatiolis  at visible
or ultraviold,  wavelengths, wltich  arc influenced II IOrCI strongly  by c~xti]lction  or
Ly the presence of a Sllli\ll ]I[llillx’r  of Ilot  Stars. I“’or  sinlilar  l’(’ilSOllS, sdcction
i n  the rest frame near  11{ ])rovidcs  a mow ulliforttl  sain])lv  of gal:l.xics  al~ovc’ a
,givc]l  stellar lIli]SS tlli]ll  (10 rest fl’illl)(’ o])tical  01 [IV Silllll)l(’S.
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l;igllrc 2. 1{(’lationsllil)  lXItK(I(III  8/4.’7IIlIl flux ratio  aII(l  g a l a x y  Icd-
sllift, as(l(~t(~lllliil(’(1  froln tll(’sirlllll:ltiolls of Wrigl]t ct (//. ( 1991) .

Ancx]Jeritll(’l~  t,lJ:~s(’(1  on this pril)ci])le  haslwcII  sin~lllate(l  lJj~\Vrigl]t,,]~;isc!l-
IIardt,  and l“ilZiO  (1994), llsirlgitlstr~lllic’llt:ll  ]J:lr:llll(’tcrs:l  l>l>rc)lJri:ltc’ for Sll{’J’1~,
wllicll  will Carl.y IIISI> and ,Si:}\s  arrays wit]] il)lil~illg  fi(’l(ls  of virw 5s5 :1.rcn]ill  in
CXtCllt.  ‘1’1)(’~ ilSSlllll(!  a ~illaX~  pO])llliltiOl}  IIort[lalizd  tO Cllrr Cllt (’]JOC.11  olxwrva-
t,ions and cxtcil(ling Imcli  to z=lo with luinillosit~)  and color evolution given I>y
IIruzllai  (19X3)  Ino(l(’ts. A silll(llatioll  was l~ladcofa singlo 5x5’ fid(l ofvi(!w  at
3,4.7, 6.2, and X//f II, with a total  int(’gratioll tillleof  1.6(laJw. ‘1’hc  inlag(! (IIIal-
ity an(l detector pcrfor  II IaIIcc a.ssu  IIld w’cr(’  collsistcilt  with wliat  is cx]wctcd for
S11{,’1’1”, al}d tll~  Sillllllilt(Xl  (Ialil  W(’rC  alil:l~Z(Yl  wit]) St.illl(lill’(1 iIllilg(’  ])roc(wsing
tcchniqum.  Al)l)r(]~imiltely  3.50 g:llil~i(~s  w e r e  (I(>t(’ctd, illclllditlg  virtually all
those  ill Ll]esillllll:ltiotl  IIIOIXI lnassivc Lllali  .fif= aII(l will]  2 <  .5. IIy Conl])alillg
the “obsmwd”  Cololso ftll(?(lct(’ct(’(1  galaxi(’s ill tllcsilnulatd  illli]gcw  Wi t ] )  tl]eir

k]lowll  m(lsllifts,  it was Imssil)lc  to(lcl]lc)llstr:lt(’tllc’ Ils(’ftll  l]essof t,llc’s(’  c.olors:ls
rdsllift  in(licators.

III IJiguro 2, for (Ixa IIIl)l(:, w: sl]ow tllc 8.()/Li.7111n flus ratio vs. rcxlsllift  for
this  sampk~  of galaxi(’s. AltlIoIIglI  t,llis  ratio  is r(:liltiv(’ly  ill(l(’pca(lcllt  of z fo r
2 < 2, it varies syst(’]]lzlt.ic:llly  wi th  z for Iargpr re(lsllifls, ilicrcasill~ by ai)out
a factor  of 4 l)ctw(wn 2 N ‘2 aII(l z N 5 . Ai]illo~olls”  results areobt;]itlcd  from
the other flIIx rat ios dctor]llincd  in tllc sill]ulatio]l. ‘1’llis SI1OIVS llOt 0111~  t,llilt a
nlission Such iLSSIIL’1’1”  call (Ictectj  IIorlnal  galaxi(w :it.c{)slll{)logictll  r(dsllifts,  but
a l so  Lltat nlllltilxlll(l  inlagillg (lilts can k Ilsd to (wtilnatc  the Ralaxy rdsliifts
N](I tlllls t.o(’x]dorc  a s(’rics of I)rol)lclns riin~il]g  frottl  the ~cml)l(itry  of spacwti]nc
aIId tllr ]) I(Is(Inc(I  of Iargc scal(~ st!rllctllrc  in tlI(I early lJlliv(~rs(’  to tlIc cvolllt.  ion
of tile stellar l)oplllatiolis ill gali]xi(w.



2.2. Evo lu t ion  o f  the Starburst  C;alaxy I’opulation

Future s t u d i e s  of gillaXi(’S  at, WaV(’lPllgtllS  of 10//11) and kyond  wil l  be IIcavi]y
basal on the results frolu ll{AS, which inaugurak]  the infrared  ex])loration of
the extragal:ictic  sky. l]ldcwl I1{AS is a “gift that liec]x  on g iv ing” ,  Iwcailsc
tllc Ilcwmt catalogs - t]ic l:aint source  !3urvey al~d tile l;aiut  Source ])ata l)asc -
reduce the 60/1111 detection litltit  from the 560 H].Jy of the Point, Sollrcc (~a.ta]og to
almut  200 In.l,y.  As a r(’slllt, tllc! faint source data base colltaitls  five ti[llc.s Illorc
Iligh .galact,ic  Iatitllclc  60~1111  sources  (]>rcsllmiib]y  allllOSt  cl~tircly  gal:lxim) tllilll
were contai]ld  ii] tlic ol’i~illill  I’oitlt  $ourcc  {~atalog. %arcllm l)ascd  oti tllmc
IIeW  catalogs IIiiv(t led to t IIC discovery of tile lly])(~lllllllill{)~ls  CJalaxics  dc,scrilwd
in sectiol~  2.4. lmlow.

One of the Ii}:ljor  results apparollt,  froin evctl  the earliest allalyscs of Llte
l'c)ititS  ollrcc( latillogis  tll:ilillt  cractitlgg:lla  xi(`s  arel)rightcrat  11{ wavcl(~ngt,lls
tha]l aretllcir  tlotl-i]lt  (’l:lct.  iil~c{)llsills  (I)llsliollso, I.illlll),  all{l JIT(’l”llCl”  lfJ88). ‘1’11(!

11{ Illlnitlositim of tllc)s(’otll~’[t~’is(’  fairly orditlar.v  gill:lXiM  range  III) to 101*  f.O..
ll;)s(’ (1, for malllplc, on visil}lc  u’avel(’tl~t]l  slwctroscol)y, it 1):1S  1)( ’(’11 (%till)Ii  Sll[’(1

tl)atj tllc extra IIi Illtllii]osity  is Iraccablo  to l)llrsts of star fortnatioll  triggerul
1)~ tll(? ~;llaX~-,CJ;llilXJ~  illl,(’1’ilctio[ls. ‘1’llis  s c e n a r i o  call 1){’  tcslc(l by tl’ilCillg  tllc

cc)-lllovil)g(l(’t)sit~~  of Ill(+x’ starl)tlrst  galaxies as a functioti of rmlsllift.  At earlicir
[’pOCh S, WI](’II t 11(’  ~ill:l Xi(’S \\ ’( ’l’(’ [I C)SCI”  togytltcr, tllc Iligll(’r frcqlictlcy  of ilttcr -
action  o u g h t ,  10 llillf(’  })l”()(]ll  Cd a larger fract ioil of 11{-lllilliilolis  Syst, ct]ls. 111
a d d i t i o n ,  COlll\)ilriSoll  of tllc cvollltioll  Of tllc ilifrard  ~i\laX~  ]X)])(lliltioll  wit!)

t h a t ,  which llil.~  1)(’(:11 deterlllillc(] for qllasars  Call t(’st tllc Coll,jc’ctllrc  t h a t  cx-

trclncly  c l o s e  illl(l violcl)t illt(’racliolis  - tllos(’  wllic.]1 l e a d  to 11/ lul)liilositic’s ill

excess of I0121J6)  - tri~:vr  tl}(~ forlnatiol)  of (ll)asars.

‘1’lIc  W]]{]’; IIlissioll  is d(’siglle(l  s]wcifically  to Icstf  ex])lorr tllcsc i d e a s  I)y
dcterlnil]ill~  tllc cvollltioll  o f  111o star btlrst  galax~~ I)o[)i]latioll  ollt  to 2 N (). T).
Wll{lt  will Cilrry  ;1 30-Clll  (Iiillll(’t(’r  tol(’SCO])(”  fc(l(li]l~t\t’c)12Nx  12 SSi:.AS  ill”l”ilJ7S,

w]licll v i e w  tile satIle N ;;2 x :12 arctnitl field of vie~v  sillllllt:ltl(’()(tsl~~  at, 1’2 and
25//m througl] tllc IIsc ofa dicllroic. ‘1’lle tclcwo]w  aIId del(’ctors  will IN mold
l>y solid lIydrog(JII, 1( ’il(lill~ to a  liglltlvcigllt  Systcfll  lvllicll  call  Iw inscrtul  iilto
IC)li’(:ilrtllor  l)it 1)~ :) l’(’~:lSllS  l:ll]llCll  vclliclc  :Illd  s t i l l  ilClli(’V(:  il 1 Irlolltll lifvtil]]c.
Wll{]’;’s  l~rillcil)ill  scicllti(ic.  l)ro$ralll  will be to sllrv(Iy 20 sqllarr (Iegrccs to tllc
confusion limit at 25/1111  (;ll)l)roxilil:lt(’1~’  1111.ly  10) and detect 20,()()() Still ”l)llr St.
galaxies witl)a  l]](~(liii]]  r(dslliftof~O  ..5. A(l(lit.ic~ll  (~ ftll(’c oilll~;lllioil”  12/I  IIIsIIrvc-y
allow’s - sta.tisticall.  y - sorting  ill redsllift,  and Iulllinosity  l) QC.i\ll  S(’ t,l Ic 25/ LII1/l’2/1.111
flus riltio increases with increasill~ ovcral]  lulllillosity. Ck)ln]mrillg  tllc Ilull)lmr
counts  vs. flux will distitlguisll alnong  various lIlo(l(Jls  for the cvollltion of this
po~)lllation,  a s  shown i]} IIackillg  iilld %~ifer (1991) iill(l  ~cllcllllx’r  and llilCkillg
(1993), and the \l’1111’1 data Iw-w will lx’ an illv:llllal~lc  sollrce of t:,rgets  for tlIc
diagt]ostic  illl’{’sti~;]ti(}tls  d(’scrilml lwlow.

2.3. Energy  C;cncration  in infrared Luminous Cialaxies

‘1’hc Iuit)iuosity  of 11{-lulllitlolls  galaxies corwlaks  positively with tllc ii~frarwl-
to-vist]ill  lulni]]osit,y  ratio.  N[at)y of tl](~ Illtl:llllrllillolls (:ill;]xi(’s  ((11,(; s) - tliosc
Wit,l, ]]{ ]lll])ill(~sit,i(ls  ill [,x~~,ss of ]ot2j “~~) - c’llllt  ll])l!ral’(lS of 99’X~  O f  (,])  at, l{lllli-
msity  in tlw II{ (Soifcr  1!)9:1).  At. t h i s  lul~~il~osity  kwd, citl~er  oxtr(~ltlc~ slarl)ll Ist
ac. tivil.  y or all Clllld(le(l (lllii.S;  lI” ]ni~lit  1)(’ tll(’ fllll(lil lll(’llti~l  (’11(  ’l’~~  SOIII’C(’,  illl(l



differential variations of tllc gas pl)a.sc ltcon al)utldances  w’illlill  a SO II KC. Of
[Particular inl]x)rtatlcc  it] tllc prescl]t Colltcxt  is Lllc fact that  tll[’  lillcs  Iic close
together in w’avclcll~lh  and ill a spectral  ilitfrvai  wltcre cxtillct.iolj  by dus t  i s
weak and slmtrally”  sltlootllo ‘1’hus the line ratios arc only it[lt)c’lcc:})til)ly  itl-
fluenced by diffcrcntia]  cxctinction  cvel) if tile region is olx+rvc{l  t h r o u g h  1O(I
magnitudes ofoverlyil)g  visual extinction.

lkause  tl)e Nell]  (15.6//]n) a]id NcV (14.3~IIn)  w’avclellgths  arc t,otally
blocked  by C02  ill the  ll;ilrtll’S  atmosphere, application of this diagnostic to
nearby galaxies - c:vcll  to very bright Ol}cs - rcquims  ohscrvatiolls  froln sImcc.
OIJscrv:itic)llso  ftllisty]J(’otl  Iillolvn  ill frarctl g:]liixic’slt’ill  b(’(’ill’rid outwit]l  tlllc
Shortf ~l)avel(~ngt.ll  S])($c.tl’olllc~t(’l’011 1S(). Sitnilar ill\~estigatiO1lso]l”  I)lor(~(liStilllt,

Pdinter  galaxies will k carrid  out  by Slli’l’lt, using targets  sclectd  frolll  tjllc
Vv’ll{l”;survey  illl(l  frolll !+ll{l’l:’S OW’11 (l(’Cl) surwys. S11{’1’1:’s  s])(’ct,lcjt]let{’ls  will
Ijc’i]lstrll]]lr[]tc’(1  witl)  12 Sx12SSi:i\s  illl(l  Si:Sl)  ill’r:l,VSW’lliCll  will I)cs(’llsitii’<!:it,
]cast to’lo~llll. 11s(’  Of tll(’S(’ ill’1’il~S  ill (Tll(’11(’  S])(’Ct l’og]’;]])lls  Wlli(ll (’O\J(lr S(!\’el”al
sp(’ctral 01’(1(’1’S Silllllltill  l(’oll SIJJ  will ])rovidc  Sill] llltiill(Wll  S Ol)S(’l”ViltiOll  - till’o[l~ll

tll(’Sillll  C(!l)trilll  C(’Sli( - Ofilll 1111’(K’ li]lm  it) gali\Xi(%  0111 to r(l(lsltifts  : > 1.5.

2.4. ‘1’hc Nflost,  Luminous  G:~k~xicw

l’;x]~loration  o f  tllc ll{A!3 l:ilillt Sollrcc Sllrv(JjJ  illl(l l)iltil llilS(l  llilS ](,(] to t,ll(!

discov(’ry o f  t h e  lnostl  lutllillolls  Iitlowlt galaxiw. ‘1’!)(I m o s t  IIotorio[ls (atl(l llinl-

]ninol]s) of tl)(w ol)j(’c.  ts, 14’S{:1[)211-{-’1121  (I{  C)\Villl-ll[)l)  illSOIl  Cf fll.  19!31)  il])-

jwaml  ill  t]l(’  l~iiillt  $k)llr((t  (liltillO~  as a ( i f) / /  I l l  0111~ SOIII”CC  w’itll 60//111 flllX =
190111.ly.  1“’OIIOW  Ill) Ol)S(’rViltiOll  S Id to tll(’ id(’llti[ication  of t h i s  Gollln s o u r c e

wit]] all Opti(’illl~ filil)t ~illilS~  at rwlsllift : =-- 2.2S6, giving 1JSC1021Z1 a l[l]lti-
nosityo  f~5X101’~/,,,,. ‘] ’\\Jor)t,tl{’rg:lt  ilXi(’s llavitl~  I(]l]lil)ositi(vi witllill alI o r d e r

of lnagnitu(l(’  of l; SC~1021,1  llillr(’  illSti  1)(  ’(’11 idel)tificd  - I’SCJ()!) I();l-l,’I  1()!) (Klcin-
m a n n  c1 {II.  19SS)  at)d l“SC~”15~107-t:]252 ((~utri  c1 u/. 1994)  -  atld tlic latter
a u t h o r s  illtrodwd  tlic Iill)C’1  Ilyl)c’rllllllil)oils  {Jilli\XiPS  (I II J(; s) to idctltify tjllis
Class of Oljj{’rts, ‘1’11(’  IIatll]”(’ O f  tll[’  ])1’OC(’SSCS wllic.h ]>l”O(IUCC  tll($[:  gal’~illltjllilll

llllllil~ositiosi  slillcl(’:lt. At 101’1] 1“ “.~), ii ~a  (IXJJ \Vltlll 10’l A’I(:) CO II SIIII )(% its Ilil Cl(!ill’
fud i]) <  lf)8yrS, wlticll  lliiSIC(l  totll(~sllgg(’stiotl  tlliltOl  )j{’CIS{)f  tlliSt~l~[!tllL>
prOtOgilliiXi(’S  ut)derpyil]g  th(’ initial Lurst Of S t i l l ”  fOl”llliltioll  wllicl] i s  tllougilt
to  accolnl)any  tllcir illitiill  collalxw. ‘1’llisst:~rfc)llll:ltiot]  llJ’J)otl)(’sisi  scc)llsislc:llt
wit,]} tllc.t?n()llll{  )llsclll:il  lit Jity()fil lt(`rstellilrga  Sill lcl(llls  tj(lisc()v('r('(l  ill l~SC;10214.
O n  thcothcr  Ilalld, thr faCt tllilt tllcllll]litlositi(’s  of tl)esc ol)jcctslic in a rallgc
])rcwious]y  occul)iwl Only 1)}7 tll(’  1110S! IIltninous  {lllilSa  I’S Sllgg(%ts  tllilt  il liidd(!]l

q u a s a r  ]nay k tllc ellcrgy sourm (SQCI  e.g. l’;lstoll  cl (//. 1994).
SIIL’l’lJC.atI  f~lrt,llcr  (]~lr~ll~(lc’lst:dll(li~gof  tllisil)triguing  plJ[:I~OIIJCIIOII  l)y(le-

taild Stll(lieso  fill(livi(lllill  ol)j(~cts- forctxa]n])l(>  (Isitlg  tll(’s])(”ct,roscoltic”  l)robes
melltiolld  [~reviollsly  - illl(l  1)~ a(lflitji  O1lal  SUrVC’~Sailll  Nl ilt Ilt]coveri]lg il(l(liti{)llill
exalnplcs.  Sill’1’I’’’si]l]2lgil]g ill’I’a~S  Will  survq lar.gy  iir(*ilSofSliy  to (;()//111  flux

ICIVCIS  fi]r IWIOW tllc I1{AS I;’SC lilllit.  l~or(’xarlll)lc~ , S11{’1’14’Cilll sllrvcyal}ollt50
square  degrms  t[) ii littliting 60//111 flUX C)f 1111.l,V  (50)  i n  ilt)Ollt,  100 dayj.  ‘1’]ljs

Sll~VC.y  WOIII(I illcllldo  alx){lt  105 g’illil  Xi(%. Soltillgtl  ]rc)llgl)  tlliscm]])ic  llayStiiCk

ill S(’ilrCh oftllc :1000 [ll,~;s  alttl  10[) ill, (lsitj  is oxlwctd  toinclude  (tile IIIIIII1)CM
will tw greater if st,roll~ coslliic  evolution Owllrs) Jmsw all inter  (’sting cIIallc:IIgc.
oll(’l)ossil)lei  l])l)ro:lcll”  tOtlliSS(’arCll  iSt()lls('t  ll('filCttll:lttll  (: Sllil]){'Of  Lll( `rest,
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Figllt’c  3. ‘J’he rcgic)lls iII tlIrI (Nell /hTcll l ,  NCIV/hTClll)  itlfrarcd lillc
ratio  ]Jlanc corrdspolldii]g  to different  Jmssil)lc  i o n i z a t i o n  a[td cflcrg,y
sourms  arc sl)owl~.

either  possil)ilitcv  wol]ld have illt)crestit]g  collsm!llcnccs, llrc:~llsc  tll{~f)l~serv{’cl  11{.
radiation is tlIerl  IIal crl]issioll  froit I dust wllicl]  has I)N’]1  l]eat.cd  I)y tfllc I)rilllary
]~owcrsourcm,  coatitluull) 11{ olwx’rvatiolls  alonecattl]ot distil)gllisll  afllol)g  t,llcsc
and ot.ller  possil)ilitivs.

l“orlcss  lle:ivil,y  cl[tst-etlsllloll{  l(~{l sourcm,  optical emission li]lc s}xxt,roscol)y
p r o v i d e s  a Ineans of distillguisl)ing  Iwtwmn tllcrlna]  and Ilon-tllcr]llal iollizi]lg
s]mtra, whicl] would lx: associated with starburst  or ([llilSa~  clI(Irgy  sOIIrces,

rmpcctivcly.  l’or sollrces wllicll  ctnit  > 99% of t.lleir  total  Iulllitlosity  in the 11~,
llolv[?vcr,atlyol)tic;il  eltlissiol]  lJroIluccd  it] tllcitll lll(>(liatev  iciility  oft,llcc.clltral
Ollcrgy stnlrccs is likely  to bo very highly cxtillctd, and the o])ticat  clIlission
o b s e r v e d  fronl t+llcse  .gillii  Xi(’s  lllil~ arise ill tllcir less illt. crcstillg  olltcr  Ycgiolis.
Infrared crllissioli  lines can cll)erge  frotn tl]c Caslirotldiilg  (Iitst,  liowcvcr,  so that,
lli spcctroscol)oy  is  ])otcatial]y  CilJ)ill)lC  of providil]g  tjl~c diagliostic  ill forfllation
ll[dd tO idcatify  tile C.llilrac.t(’t’ of the cllcrgy sollrces.

Voitf (1992) hasdralvtt  a t t en t ion  toa [mrlicularsct  ofelllission  Iincs wfllic,h
am uniquc]y Usr’fill for this ty]w Ofdii~gllOStiC  slwctroscol)y. ‘1’]](Isc are litles  of
threedifrmnt  iollizi~tioli  statmof  neon:  INcll iit  12.8/1111,  NcIII1  a t  ],5.61/tn, a]]d
NcV at 14.31~m. ‘1’llo iotlizatioa  etlcrgies to l)ro(lllcc  these tllrw ions arc, Ics]wc.-
tiwly,  22, 63, and 97cIV. ‘1’lIlis, asshow]i  ia I;igurc 3, tl)c relative itit.el]sit,ics  of
t,hww three cnlissioll  liltcs  ill’(! ltighlj’  itldicativc  Of tll(’cll:it:lct(’roft  ll(:  ioltizitlg
soarm. This  tyiild  oftleoll  Iincs has other ilnlmrt;~llt  cllaractrristjcs: since t,ltc!y
arise from diffrrcnt  iol]ixatiol]  states of an Clcli]cat  wllicll  is ])arlicularly  unlikely
to lm depleted  onto iatorsl[’llar  g;raills, their  rat ios slIoIIld 1101.  IN itlflucttcd  I)y
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IOgNrc 4. ‘J’llc calmbilitj~ of S1l{’l’l : for illlilgillg  and s]~rct roscol)y of
lIJ~IJerl\lIl]ii]oils  (Ialaxics  as a fuuctioll of rdsllift  arc slIow’11,  ‘1’]Ic i]nag-
ing pCI’f  OI’lllilllCt:  is give])  as 10 uncertainty ill I(I aIld 1000” sccoIIds  of
observation], wllilc! for s]wctroscol)y, we slIo\v tllc 10 u]lcertai]lty  ill 360[)
S(mnds.

frame  Qncrgy distrillution  of tllc tllrec 1 II JC;’S )Ilclltionrxl  almvc is tllr sa]]]c’ to
better  tha]l a factor  of two, as SIIOW’11  in lrigurc .3 of ~;utri C( (//. (1 994). ‘1’l)e  sill}i-
Iaritiw of tl~mc ol)crgy  distribllt,ions  allow’s onc 10 concoct a color-lmsd  c.ritcriot]
to sclwl candidate UI,G’s frolll  tllc su rvq data tmsc. !311t3’1’”s  illstllllt)(~lltati{)ll
is bcillg des igned  to ]x:rlllit  ilnilgillg  at scweral  ~vavcleltgtlls  sillllllt:llleo(lsly.  111
addition, S11{’1’1’”s  S[lrv(:.ys  would t)c coordillatd  wi(ll  otl]cr  lil~~(’ scale survcysl
such as WI I{l’;  a]ld tllc Sloan l)igital  Sky Survey, to create a lnultis]wctra]  data
base which  would facilitate thesrlcctiolt  J)rocms.

l“igurc4  Snows that Sill’l’JJ can obtain higlt quality illlagillg  ari{l follow up
spectral  data on Illtl’:lllllllitlo[ls  ol)jccts  as distant as z > .5, bcyolld  the Illost
distmlt.  quasars cllrreilt]y  idetltifi(d. ‘1’llis  prograln  WOIII(I defi]lc the lulllillosity
function  of 1, > 10’21JGl  systctns  f r o m  2 =- 0 to : > 2, detcrlnillc  the energy
gc’~lcratioll  proc.cssm w’llicll  ]mM’cr tllesc trclllc[ldotls Iltltlinosities - a]ld delitlcatc
thcirvariatiotl  (i fany)  with rdsllift. l~orfi\ilit(  list:  ~llt.ol} j[’ctsivitll  l~igll infrared-
to-visual ratios, !511{3’1’”s spwljroscm])y n]ay Iw the only means of dctmnilling
rdshifts.  ‘1’bis lnay IN ]mssiblc  mm for lIIJGsw’itll z w 10 (assuinillg  that tllcrc
are any), for wl]ic.11 tllc 3.28~1111 “l’All” emission f(~iit~lr~  is slliftc(l”  to I)(:yo[lcl

35j/m. S1lU’lJ  sllrvcys W’ollld  prol~c tll(’Ci’OllltiOl)  iil’~  c o n n e c t i o n  I)rtw’cwl)  ultra-
luminoms  ol)jcc.ts  illl(l  (lllilSill”S  all(l  ex]dore tllc possil)ility  that  tllcsc objectsarc
in fact ]Irotogalaxics. Villally, S1l{!I’IJ Cilll  go I)r’yon(l tlI(’ horizotl  of our prcsellt
~]l~{lc’rstall(lit~g  and dcter[l)itle  wllctll(’r  [J IK~’s exist, at s > 5 and wllcthor tllerc
are Ol>jccts  with [Jrol)crtics  C\ ’L’11  Illorc  ext. rcli[e tllilll  tllosc identified to (lilt(!.



3. Summary and  Conclusions

.,.

.

Just as the success of the I{ AC) has pavc(l  the way for larger airi)ortlc  telescopes
such as Sol:lfl,  tllc succrss  of lI{AS a]ld (~(1111’;  has set the stage  for tllc IIcst
steps  in infrared astronomy from space, ‘1’his paper tlas  higtlligll  ted a few ar(ms
of extragali~ctic  astrollollly  ill wllicll  future  mold slmcc  tclcsco]ms - ]mrticular]y
when illstrumented  w’itll  liil’g(! format 11{ detector arrays - can ]Ilalie lllajor  coll-
trihutions.  ‘1’hc scientific I)roslmcts  for sllch  facilities arc virtually unlilnitcd,  all{]
wc hope that the cxatnplm  pilt forward here will stilnulate even more excitji]lg
ideas in tllc readers’ lnillds.
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